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Abstract 



In an impedance compensation circuit of a speaker driving system, an idea) impedance state of the speaker can be equivalents 
formed by the equivalent impedance means, and is compared with an impedance state of an actual speaker. On the basis of the 
comparison result, a positive feedback gain in the speaker driving means is controlled. Therefore, even when the internal 
impedance of the speaker or the impedance of the connecting cable varies, or when the internal impedance of the speaker is 
changed upon a change in temperature, the motional impedance of the speaker can always be driven and damped with a constant 
driving impedance. For this reason, in the negative-impedance driving system, an ideal speaker control state can always be 
realized. 
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SPECIFICATION 

1. Title of the Invention 

IMPEDANCE COMPENSATION CIRCUIT 

2 . Claims 

An impedance compensation circuit characterized by 
comprising: 

loudspeaker driving means for detecting a signal 
corresponding to a drive current for a loudspeaker and for 
providing positive feedback for an input side, and for 
equivalently generating a predetermined negative output 
impedance and driving the loudspeaker to reduce or invalidate 
an internal impedance that is unique to the loudspeaker; 

equivalent impedance means for equivalently 
generating an impedance state for the loudspeaker that is 
regarded as ideal by the loudspeaker driving means ; 

comparison means for comparing the signal output by 
the equivalent impedance means with a signal corresponding to 
the drive current for the loudspeaker; and 

feedback gain control means for employing the 
comparison results obtained by the comparison means to 
control a gain provided by positive feedback for the speaker 
driving means . 

3. Detailed Description of the Invention 
[Industrial Field of the Invention] 
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The present invention relates to an impedance 
compensation circuit for a loudspeaker driving system, and 
more specifically, relates to an impedance compensation 
circuit used to prevent a change in the driving state of a 
loudspeaker as a result of a variance in an internal 
impedance unique to the loudspeaker or a variance in the 
impedance of a connection cable connecting the loudspeaker 
and a driving circuit, or a variance in the impedance 
resulting from changes in the temperatures of these 
components . 
[Prior Art] 

Generally, a driving force for an electromagnetic 
transducer ( electroacoustic transducer), such as a 
loudspeaker, is obtained by supplying a current i to a coil 
(e.g., a copper coil) that is located in the magnetic gap of 
a magnetic circuit. When the length of the copper coil is 
denoted by 1 and the strength of the magnetic field of the 
magnetic gap is denoted by B, a driving force F appearing 
across the copper coil is represented by 

F = B- 1* i. 

Since the electromagnetic control effects can not be 
satisfactorily obtained by driving using a constant current, 
a constant -voltage driving method is generally employed for 
driving a loudspeaker. According to the constant -voltage 
driving method, the current i flowing across a voice coil is 
changed depending on an internal impedance unique to the 
loudspeaker or the impedance of a connection cable that 
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connects the loudspeaker and a driver. Therefore, as the 
impedance for the loudspeaker or the connection cable varies 
or the impedance changes due to a fluctuation in the 
temperature, the driving force F appearing on the copper coil 
is varied, or altered. 

In addition, the above described electromagnetic 
transducer generally has a motional impedance, and the 
resistance of the voice coil and the resistance of the 
connection table are also employed as the damping resistance 
for the motional impedance. Therefore, when the internal 
impedance of the loudspeaker or the impedance of the 
connection table is destablized, the damping force exerted on 
the voice coil is also destablized, so that the damping force 
changes when temperature changes alter these impedances. 

On the other hand, a negative impedance driving 
method has been proposed to provide a driving force and a 
damping force both higher than those of the constant -voltage 
driving method. According to this method, a negative output 
impedance is equivalently generated by a driving circuit, and 
based on the negative impedance, a loudspeaker is driven as a 
load. In this case, a current that flows across the voice 
coil of the loudspeaker must be detected as a load in order 
to equivalently generate the negative output impedance, and 
thus, a detection element is connected in series with the 
load. Using the negative impedance driving method, since the 
internal impedance of the load is reduced or canceled upon 
appearance by using the negative output impedance that is 
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equivalent ly generated, a high driving force and a high 
damping force can be simultaneously obtained. 

The overview of this method will now be described 
while referring to Figs. 2(a) and 2(b). In Fig. 2(a), Z M 
denotes the motional impedance of an electromagnetic 
transducer (loudspeaker), and R V o denotes the internal 
resistance R v of a voice coil constituting a load. As is 
shown in Fig. 2(b), the internal resistance R v is reduced by 
a negative resistance -R A that is equivalently generated by a 
driving side, and a driving impedance Z A that, on appearance, 
is represented by 

Z A = R v - R A . 

When Z A is a negative value and the operation of the circuit 
is destablized, generally, R v ;> R A is established. 
[Problems to be solved by the Invention] 

However, according to the above described negative 
impedance driving method, the driving impedance relative to 
the motional impedance can not be constantly maintained to 
counter the variance in the internal impedance of the 
loudspeaker or the impedance of the connection table, or the 
altered internal impedance that accompanies a fluctuation in 
the temperature. Specifically, when the equivalent negative 
resistance -R A is maintained at a constant level, the rate 
whereat the negative impedance driving method is adversely 
affected by a variance in the internal impedance of the 
loudspeaker or the impedance of the connection cable, or a 
change due to temperature fluctuation is higher than the rate 
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for the constant- voltage driving method. 

Conventionally, no means has been provided for the 
negative impedance driving method that will prevent an 
especially remarkable adverse affect from being produced by a 
variance in the negative impedance and a fluctuation in the 
temperature . 

Therefore, it is one objective of the present 
invention to provide an impedance compensation circuit that 
can maintain an ideal control state for a loudspeaker by 
using a negative impedance method even when the internal 
impedance of the loudspeaker or the impedance of a connection 
cable varies, or when the internal impedance of the voice 
coll of the loudspeaker is changed by temperature. 
[Means for Solving the Problems] 

An impedance compensation circuit according to the 
present invention is characterized by comprises loudspeaker 
driving means for detecting a signal corresponding to a drive 
current for a loudspeaker and for providing positive feedback 
for an input side, and for equivalently generating a 
predetermined negative output impedance and driving the 
loudspeaker to reduce or invalidate an internal impedance 
that is unique to the loudspeaker, equivalent impedance means 
for equivalently generating an impedance state for the 
loudspeaker that is regarded as ideal by the loudspeaker 
driving means, comparison means for comparing the signal 
output by the equivalent impedance means with a signal 
corresponding to the drive current for the loudspeaker, and 



- 5 - 



• 



feedback gain control means for employing the comparison 
results obtained by the comparison means to control a gain 
provided by positive feedback for the speaker driving means . 
[Operation] 

According to this invention, an ideal impedance 
state for a loudspeaker is equivalently generated by the 
equivalent impedance means and is compared with the actual 
impedance state of the loudspeaker, and based on the 
comparison results, a gain in the positive feedback for the 
speaker driving means is controlled. Thus, when the internal 
impedance of the loudspeaker or the impedance of the 
connection cable is changed, or when the internal impedance 
is changed due to temperature, a driving impedance for the 
driving and the control of the loudspeaker is always the same 
as the motional impedance of the loudspeaker. 
[Mode of the Invention] 

One embodiment according to this invention will now 
be described while referring to the accompanying drawings , 
Figs . 1 to 9 . To avoid overlapping during the explanation , 
the same reference numerals are employed throughout to denote 
corresponding components . 

Fig. 1 is a block diagram showing the basic 
configuration for this embodiment. As is shown in Fig. 1, 
loudspeaker driving means 1 comprises: an amplification 
circuit 11 having a gain A; a feedback circuit 12 having an 
inherent transmission gain p 0 ; an adder 13, for transmitting 
the output of the feedback circuit 12 as a positive feedback 
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to the amplification circuit 11; and a detection element Z s - 
A loudspeaker 3 is connected through a connection cable 2, 
having an impedance Z c , to the output terminal of the 
loudspeaker driving means 1 . This loudspeaker 3 has a unique 
internal impedance Z v and a motional impedance Z M . 
Equivalent impedance means 4 equivalently generates the 
impedance state of the loudspeaker 3 that is regarded as 
ideal by the speaker driving means 1 . The equivalent 
impedance means 4 , which has an equivalent impedance Z re f , 
outputs a signal to comparison means 5. The comparison means 
5 compares the signal output by the equivalent impedance 
means 4 with a voltage detected by the detection element Z s , 
and transmits the comparison results to feedback gain control 
means 6. Thereafter, the feedback gain control means 6 
employs the comparison results obtained by the comparison 
means 5 to control a feedback gain for the amplification 
circuit 11. 

The reasons that the impedance compensation can be 
performed by the basic configuration of this embodiment will 
be explained in sequential order. 

The first reason that the impedance compensation is 
necessary is mainly the variance in the internal Impedance Z v 
of the loudspeaker 3 and the variance in the impedance Z c of 
the connection cable 2 . When the internal impedance Z v and 
the impedance Z c vary, the driving impedance relative to the 
motional impedance Z M of the loudspeaker 3 is altered. The 
second reason is that the change in the internal impedance Z v 
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of the loudspeaker 3 is mainly due to the temperature . For 
example, when a drive current flows across the voice coil of 
the loudspeaker 3, in accordance with Joule's law, heat is 
generated, and that greatly changes the internal impedance Z v . 
Therefore, for an ideal impedance state to be maintained, 
regardless of variances or changes, impedance compensation is 
required. In order to simplify the following explanation, 
assume that the sum of the internal impedance Z v of the 
loudspeaker 3 and the Impedance Z c of the connection cable 2 
is an internal impedance R v , that the design value is R V o, and 
that the value of the detection element Z s is R s . 

Generally, in order to compensate for a change or a 
variance in the impedance of a load, some method must be used 
to obtain the current state of the impedance. In this case, 
information required for the compensation may be absolute 
impedance values; however, the compensation can also be 
obtained by using a smaller amount of information. That is, 
for the impedance of the load, a specific value (a design 
value) is assumed at the design stage, and so long as the 
actual impedance for the load is greater or smaller than the 
design value, the feedback system for an equivalent approach 
of the impedance of the load to the design value can be 
constituted. 

Since an absolute value need not be obtained for a 
load, a signal whose property is not known (a signal for 
which a frequency or a level has not been defined) may be 
employed as a measurement signal, and a music signal, for 
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example, transmitted to the loudspeaker as the load can be 
employed as a measurement signal. Further, when the music 
signal is not received, a small amount of white noise, 
generated by an amplifier, is provided for the loudspeaker 
serving as the load, so that the white noise can be used as a 
measurement signal by appropriately increasing the gain of a 
feedback loop. Further, the detection element Z s is provided 
to obtain, in accordance with the measurement signal, the 
current state of the impedance of the load. 

In this invention, an originally driven circuit is 
shown in Fig. 2(a), and an equivalent circuit is shown in Fig. 
2(b). R vo denotes a design value, which differs from the 
actual internal impedance R v of the load (R vo * Rv) . 
Furthermore, the driving impedance relative to the motional 
impedance Z M is 

Rvo - Rs* Ap + R s = R vo + Rs(l - AP) . . . (l), 

and the relationship 

E 0 = A* Ei ... (2) 

is established between E x in Fig. 2(a) and E 0 in Fig. 2(b). 

In Fig. 2(b), the motional impedance Z„ can be 
equivalently obtained using an electric circuit. Therefore, 
a circuit having the same characteristic as the circuit in 
Fig. 2(b), for the electric transmission of E 0 to e 0 , can be 
equivalently generated by assembling electric elements in a 
manner that will be described later, or by using an operating 
amplifier. Therefore, when R v is defined as the design value 
Rvo. and when the circuit shown in Fig. 3(a), which has a 
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transmission characteristic F(S) = e 0 /E 0 , is employed, a 
circuit shown in Fig. 3(b) can compare e 0 with e s to 
determine whether the actual impedance of the load differs 
from the design value. 

In Fig. 3(b), the transmission characteristic is 
F(S) = e 0 /E 0 , and since, based on equation (2), E 0 = A* Ei, 
the output A* F(S) of the equivalent circuit is e 0 . In this 
circuit, e 0 = e s is established when R v = R vo ; e 0 > e s is 
established when R v > R vo ; and e 0 < e s is established when R v < 
R vo . Therefore, since E 0 = A* E is obtained based on equation 
(2), and E 0 is not affected by the transmission gain j3 , the 
transmission gain p is adjusted by comparing e 0 and e s , and 
the e 0 and e s in Fig. 3(b) are equaled. With this 
configuration of the feedback system, the affect provided by 
the variance of the internal impedance R v and by the change 
of this impedance due to the temperature can be canceled. 

The comparison of e 0 and e s can be performed by a 
circuit, in Fig. 4, according to which detection circuits 5 0 
and 5 S obtain absolute values for e 0 and e s , and transmit the 
outputs |e 0 | and |e s | to a comparator 51. Therefore, the output 
of the comparator is (|e 0 | - |e s |) . And since the output of the 
comparator 51 includes many distorted waveforms, relative to 
the original e 0 and e s , the output waveform, especially when 
Rv = R vo is established, would be distorted by using this 
output unchanged. Therefore, an integrator 52, which is 
connected to the output side of the comparator 51, removes 
the distorted elements. The distorted elements can be 
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removed by integration along the time axis, because the value 
of R v is changed only due to the temperature along the time 
axis ( the variance in the R v is unchanged along the time 
axis ) , and because only the value of the internal impedance 
R v is gradually increased as the temperature is raised 
moderately. When the Integration has been performed once for 
(|e 0 | - |e s |), and the obtained value fed back substantially as 
a DC change, actually, no problem occurs. The integrator 52 
can be a useful first -order delay circuit for the feedback 
system for improving the stability. 

Finally, the comparison results are employed to 
control the transmission gain for the feedback system. In 
this case, feedback gain control means 6 can be constituted, 
for example, as a multiplier 61 in Fig. 5. While taking into 
account the polarity for the feedback, e 0 > e s is established 
when R v > Rvo# and the driving impedance must be reduced 
because a too large value for R v must be compensated for. 
Since the object of the present invention is the improvement 
of an operation when (1 - A0) < 0, and since > 0 , the 
feedback gain control means 6 need only increase the feedback 
gain p for the driving impedance to be reduced, and an 
increase of R v can be compensated for. 

The embodiment of the present invention will now be 
described. 

Fig. 6 is a circuit diagram showing the embodiment. 
As is shown in Fig. 6, the loudspeaker 3 is a dynamic cone 
loudspeaker, and the motional impedance Z M can be expressed 
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by a parallel connection circuit having a capacitance C M and 
an inductance L M . The equivalent impedance means 4 has a 
resistance Rvr that corresponds to the internal impedance R v 
of the loudspeaker, and a capacitance Cmr and an inductance 
Lmr that correspond to the motional impedances C M and L M , and 
a resistance R SR that corresponds to the detected resistance 
R s . With this configuration, the target operating value can 
be set. So when the internal impedance R v of the loudspeaker 
3 is 8 Q, and -5 Q is equivalent ly generated to set the 
target operating value of 2 Q, 

Rvr • Rsr = 19 : 1 , 
while R s = 0.1 Q is established by ignoring the impedance Z c 
of the connection cable 2. When, for example, Rvr = 1.9 Q is 
established, R SR = 0.1 Q. 

The circuit structure of the equivalent impedance 
means 4 can be variously modified. For example, while also 
taking the cabinet of the loudspeaker into account, the 
structure shown in Fig. 7 is provided. In Fig. 7(a), a 
loudspeaker is attached to a closed cabinet, and in Fig. 7(b), 
a loudspeaker is attached to a cabinet of a bus reflection 
type. Furthermore, as previously described, the equivalent 
impedance means 4 may be constituted by an operating 
amplifier. 

On the other hand, a circuit shown in Fig. 8 is 
practical for the comparison means 5 and the feedback gain 
control means 6; however, the circuit is not limited to this 
application. For example, the multiplier 61 can be provided 
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with the following configuration. First , in the circuit in 
Fig. 5, a transmission function at a high frequency is 
required for the path from X to X* Y because a music signal 
is passed through there, while a fast response property is 
not required for the path from Y to X- Y because a DC signal 
is substantially passed through there. Therefore, the 
feedback gain control means 6 can be constituted by thermal 
coupling, as is shown in Figs. 9(a) and 9(b). 

In Fig. 9(a), Ri and R 2 denote thermal sensitive 
resistors, the resistances of which are changed by 
temperature, and are thermally coupled to heat generation 
resistors R 3 and R 4 . When a DC voltage signal Y is 
transmitted by the comparison means 5 to a terminal 31, the 
signal is amplified by an amplifier C and is transmitted to 
the connected resistors R 3 and R 4 , which are used for heat 
generation. Then, in accordance with the level of the signal, 
one of the resistors R 3 and R 4 generates heat, while the 
temperature of the other is reduced. Therefore, the 
resistances of the thermal sensitive resistors Ri and R 2 are 
changed, and a -Ri/R 2 gain, transmitted by a terminal 3 2 to a 
terminal 33, is changed. The ratio for the multiplication of 
a signal X (a feedback signal for a feedback circuit 12) 
transmitted to the terminal 32 by a signal Y (a feedback gain 
control signal of the comparison means 5) transmitted to the 
terminal 31 varies, depending on the temperature coefficient 
and the polarity that are employed for resistors R x and R 2 . 
When the multiplication ratio, together with the polarity, is 
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set by an amplifier G, the output of the terminal 33 can be 
set as -X* Y. 

According to the circuit in Fig. 9(a), since the 
resistors Ri to R 4 originally have thermal constants, an 
integrator need not be provided for the comparison 5 . And 
the direct current gain provided by the integrator can be 
obtained by adjusting the gains of the comparator and the 
amplifier G in Fig. 9(a). The amplifier in Fig. 9(a) is an 
example wherein the output is inverted relative to the input 
(X -» -X* Y). Further, for a positive phase amplifier, the 
circuit in Fig. 9(b) can be employed. 
[Advantages of the Invention] 

As is described above, according to the invention, 
an ideal impedance state for a loudspeaker can be 
equivalently generated by the equivalent impedance means and 
can be compared with the actual impedance state of the 
loudspeaker, and based on the comparison results, the gain 
obtained by the positive feedback of the loudspeaker driving 
means can be controlled. Therefore, the internal impedance 
of the loudspeaker, or the impedance of the connection cable, 
is varied, or when the internal impedance of the loudspeaker 
is specifically changed due to the temperature, the motional 
impedance of the loudspeaker can be altered and controlled by 
the constant driving impedance. Thus, using the impedance 
driving method, an ideal state can be constantly obtained for 
the loudspeaker. 
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4 . Brief Description of the Drawings 

Fig. 1 is a block diagram showing the basic 
configuration according to one embodiment of the present 
invention ; 

Fig . 2 is a diagram showing an equivalent circuit to 
be driven in accordance with the invention; 

Fig. 3 is a circuit diagram for explaining 
equivalent impedance means; 

Fig. 4 is a circuit diagram showing example 
comparison means ; 

Fig. 5 is a circuit diagram showing example feedback 
gain control means; 

Fig. 6 is a circuit diagram showing the embodiment 
of the present invention; 

Fig . 7 is a circuit diagram showing equivalent 
impedance means while a cabinet is taken into account ; 

Fig. 8 is a circuit diagram showing practical 
comparison means; and 

Fig. 9 is a circuit diagram showing another 
multiplier example. 

1 : loudspeaker driving means 

2: connection cable 

3 : loudspeaker 

4 : equivalent impedance means 
5: comparison means 
6 : feedback gain control means 
11: amplification circuit 
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12: feedback circuit 
1 3 : adder 

Patent Applicant: Yamaha Trading Co., Ltd. 
Patent Attorney: Yoshiki Hasegawa 
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[Fig. 1] 

basic configuration for present invention 

4 : equivalent impedance means 

5 : comparison means 

6 : feedback gain control means 

[Fig. 2] 

equivalent circuit 
[Fig. 3] 

generation of equivalent impedance 
[Fig. 4] 

arrangement of comparison means 
5a, 5s : detection circuit 
[Fig. 5] 

arrangement of feedback gain control means 
61 : multiplier 
[Fig. 6] 

circuit for embodiment 

5a, 5s: detection circuit 

[Fig. 7] 

equivalent impedance means while cabinet is taken into 



account 
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